We describe a rapid nephelometric assay for measurement of ceruloplasmin in serum with the Multistat centrifugal analyzer. In establishing the optimum conditions, the concentration of polyethylene glycol was critical. With a 30 g/L solution of polyethylene glycol, the calibrators and samples react at the same rate, while with a 60 gIL solution the calibrators react faster than the samples. The 
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We describe a rapid nephelometric assay for measurement of ceruloplasmin in serum with the Multistat centrifugal analyzer. In establishing the optimum conditions, the concentration of polyethylene glycol was critical. With a 30 g/L solution of polyethylene glycol, the calibrators and samples react at the same rate, while with a 60 gIL solution the calibrators react faster than the samples. The Co.) to 100 mL of distilled water. The suspension should be prepared 24 h before use and is stable at least two weeks at 4 #{176}C.
MaterIals and Methods

Apparatus
Calibrators.
Three calibrators, obtained from Atlantic Antibodies, Scarborough, ME 04074, contain ceruloplasmin at concentrations of 650,450, and 220 mg/L. A ceruloplasmin concentration of 335 mg/L was prepared by mixing the 220 and 450 mgfL calibrators together in the appropriate proportions.
Control. A control was obtained from Kallestad Laboratories Inc., Austin, TX 78701. are printed. The iI values are obtained by subtracting the intensity of the blank from the intensities of the samples and calibrators. If the I of a sample is 1.1 times greater than that of the high calibrator, a message, "above high calibrator," will he printed. The concentration of ceruloplasmin is automatically calculated by use of a nonlinear least-squares program, y = axb + c, where y is I, x is the concentration, and a, b, and care constants. If the Al of one of the calibrators is outside the limits for calculation of a standard curve, the ceruloplasmin concentrations and Al of the samples and calibrators will not be printed; instead, "unsatisfactory standard curve" will be printed out. In this case, the A! for the calibrators and samples can be retrieved, the A! for the calibrator in question eliminated, and the data manually re-entered, producing a standard curve and the ceruloplasmin concentrations for the samples. This eliminates repeating the assay if the Al of one of the calibrators is incorrect.
Antigen excess is automatically determined by (a) monitoring the reaction rate for the first 20 s, to detect an early maximum intensity, and (b) monitoring the slope at designated intervals to detect samples with a slow but constant increase in intensity. If the changes in intensity at these intervals are greater than a pre-programmed factor, antigen excess is indicated.
Results and Discussion
We evaluated use of PEG at concentrations of 30, 60, and 100 g/L. The reaction rate increases with increasing PEG concentrations; however, at 100 g/L, the antibody precipitates, producing a turbid working reagent. PEG at 60 g/L would appear to be optimum because the changes in intensity obtained are greater than when 30 g/L is used; however, the reaction rates for samples and calibrators were not the same at different PEG concentrations.
To determine which concentration of PEG to use, we established "reference" values by measuring ceruloplasmin in several samples with a Beckman ICS nephelometer (Beckman Instruments, Inc., Fullerton, CA 92634). At a 60 g/L PEG concentration, the samples react more slowly than do the calibrators, and the ceruloplasmin concentrations in the samples are lower than expected; at a 30 g/L PEG, the samples and calibrators react at about the same rate (Figure 1 ). The average difference between measured and expected ceruloplasmin concentrations was -21%
at 60 g/L PEG, and 2% at 30 g/L. Therefore, we used the latter PEG concentration. Antigen-excess curves were established by diluting 20-fold antibodies from Calbiochem-Behring, Dako, and Sigma. The antibody from Sigma had a low titer. Antibodies from either Dako or Calbiochem-Behring were satisfactory, and the results we report here were obtained with the antibody from Calbiochem-Behring. To determine the optimum concentration of the antibody, we diluted it 10-, 20-, and 40-fold with 30 g/L PEG solution and measured the ceruloplasmin concentrations for calibrators of 90 to 720 mg/L. A 40-fold dilution resulted in a flat curve at low ceruloplasmin concentrations; at 10-or 20-fold dilutions, A! between the 90 and 180 mg/L calibrators was 38 and 21, respectively, indicating that for both dilutions sensitivity was satisfactory. To minimize reagent cost, we used a 20-fold dilution of antibody.
The reaction rate did not change between pH 6.0 and 8.4; we used a pH of 7.4. Moreover, temperatures of 30 or 37#{176}C can be used without affecting the reaction rate. Sample volume. Ceruloplasmin in four calibrators (ranging from 180 to 900 mg/L) was measured in 5, 10, and 15 L of sample. Sensitivity was poor at 5 tL of sample, but was much improved for 10 and 15 zL, the difference in Al between the 180 and 360 mg/L calibrators being 24,56, and 72, respectively, for the three sample sizes. A 10-sL sample is adequate to measure a wide range of ceruloplasmin concentrations.
Method Performance
Standard curve. A standard curve was determined by measuring ceruloplasmin at concentrations ranging from 50 to 1300 mg/L. With use of the nonlinear least-squares program, the changes in intensities could be related to ceruloplasmin concentrations between 50 and 1300 mgfL. Ceruloplasmin concentrations in patients seldom exceed 1000 mgIL; therefore, it is unlikely that antigen excess will be encountered. Moreover, with this procedure, the difference in A! at 50 and 100 mg of ceruloplasmin per liter was 28, indicating that the method was sensitive at clinically significant ceruloplasmin concentrations.
Recovery.
We obtained human ceruloplasmin from Sigma and determined its concentration by measuring its absorbance at 605 nm (6). We added this ceruloplasmin at concentrations ranging from 80 to 480 mg/L to four different serum samples, and measured total ceruloplasmin by the nephelometric 
Interferences.
No interference was observed from additions of (final concentrations) bilirubin (60-180 mg/L) to serum containing 450 mg of ceruloplasmin per liter or from hemoglobin (700-5000 mg/L) to serum containing 550mg of ceruloplasmin per liter. The effect of lipemia was determined by serially diluting a sample containing 3.0 g of triglyceride per liter. Ceruloplasmin concentrations in the diluted samples were the same as in the undiluted sample, indicating no interference from lipemia.
Precision.
We determined the within-run precision of the method by 17 replicate analyses of three serum samples containing ceruloplasmin at concentrations ranging from 240 to 650 mg/L. The between-run precision was determined by 10 analyses of each of four samples containing ceruloplasmin at concentrations ranging from 140 to 520 mg/L. The results are shown in Table 1 .
Comparison with Other Methods
We compared ceruloplasmin concentrations in 61 serum samples obtained by this nephelometric procedure (Multistat) by nephelometry with the reagents and ICS nephelometer from Beckman, by a radial immunodiffusion procedure with The oxidation product of p-phenylenediamine has also been shown to inhibit ceruloplasmin (10) . In this study, the lower results obtained with the enzymic assay could be due to inhibition of the enzyme, whereas the higher results may be related to nonspecific oxidation of p -phenylenedianiine.
Results obtained by our nephelometric procedure were lower than those by a radial immunodiffusion method ( Figure  4 ). This was not unexpected in the light of other reports. Radial immunodiffusion methods for ceruloplasmin gave significantly different values when compared with a manual nephelometric assay (7) . Ceruloplasmin results by a radial immunodiffusion procedure (11) for patients with Wilson's disease were erroneously high. Radial immunodiffusion methods for immunoglobulins gave higher results for 1gM (10, 13) and IgA (13) than the corresponding nephelometric assays. The discrepancies between the radial immunodiffusion and our nephelometric assay could be related to the different antibodies used with each assay.
We conclude that the method presented here has advantages over manual immunochemical methods in terms of speed, simplicity, and accuracy; because of the small reagent volume used, it is cost effective.
